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A'NTH' IRAX 'D"INI N PRIMA.R Y SIT'Ef* f OF M"flg j\

NORMN~AN i-. HhEtttt*:.E.. I'lElEtIt Kt4 KtLtIA. lAXItS A. xiti~ it.1 g~~ .t

HILL1 G; MAIIANDI.li ANDi k.X.1.P1f E. 1.l%,( 0uA

In nn the I )cpa.rotient 4 tfhe A'rmyi. I,,r, I let ri'k. Frederick. .l-.~r ..:.md 217(f.

Since Keppic e( tl a 10335 demi on - act Iliii of1 thiis plienostieimi tll lift-li rat
strated that a lethal toxin mas lilierated m~as interpreted by Rvfea11 .aid I alldorf
during inl viv'o gro tit of the JBacillus (1966) its increasedi permleab~ility of tilt'

nibtrarcis organisnm. the site of action fptilmonlo ry x'ast'tiitiatre andic byv (ra%

anzd mlechanismi of death have beven the and Archer (19671 A's inhib~it ion ini Itlun

subiject of St tdy and mmwll co'ntroversy. tissue of regenerat 14)1 of lit'4ticivamidt'

The priuncpal theories of death ad-I adtenl' lille d inceotid('. In 1t11, sries
x'anced liv workers since PM15 are those Vick vi Al 0I 96)6 have shiouifI depres~sioni
of (ta) set-olldary shtx'k. which the (of the cenutral cortical 4electrical .141ivit%

authors N~itih and Keppie. 1933) (Ie- mnd, more spect'itahi . life central
tinedl as it pathollogit'.l state invxolv'ing respiratory illtechanlisml o!~ molnlke% s chIal-

cir.'ifitiory failure: do) asplf1y-xi.. lhe- lengeI mi~th itIox ill, filer dam t o no(t3 10

caulse the ext remte)% 14u cm c netiratio 1(311 :lt illit cardiac chlantges tintl mi. I

of 1IlItxxI (3x~gent %its .5tied I i% \otrdl~ierg moediitelv lieforte dvit II. I'liv sItijd% of

el al I11461 ) ats thfe actul c~au ~se (of delIhil tw o.',i ltoifhflsi~iolp lil flIolllkvS. chiim-

h ' anthiirax; .11(1 (c4) (direct effect 4 o- thle panztecs, mnd rabbii ts 4 Kivt le alt i, 10966)
Cenltral nlervouts s~ steil as the ;ttimliar dlvuig of anthlrax or 4of toxiil (falaleilgi'

sitetif .I'4L4 incolntu et al, 1964). Tis~ con~tirmllift tit erllillal 1INIj53\iL tilldt A4

lattler bi ;suthesis is st rengt heneci If% 2 re'mark-aolk parallel responlse bet ivct'

.1C4 3O4j)1la nxtg pix-1 srs (V~ickI et al, 1 90": 930tt i MA i ti in(5il-t 41 haleg-'. homuts. Ii iom

Klein vi ill. 196)45 of thiso series- uhIticl evvr. if tamils to dt',onistrai at . kidmu'%
shom, dltpressio i, of Ilife '4irt icaii elect rio-; ii 511114 f i'4I 11,1 m-4431113431its 'sects44odanr

act'tit% foiuol'in itox4)in andt spotre' chai- Au1434k

lenge. lil add itiont. Ec4kert .il Bid1on- t 1131 omit fi t Ii is 11.14 kgtowaot fi Iit 4011ý

ventre 19031). 'cuorkittg u ih thfe tO'iii Ifiliti1g hi~f~oillest'% 401 dt.1o1 kl *.~ l.

only i, verilied t hat lilx fMix .t1444 otcrr't ill UP t' 41014io.'ret it o if in to 'ro !.t fto 0 Ii'tic
rats 14314 iming i ha leiien . T1hu~ pri ,30i I31 ia mor' 9 ot-4-it1cailh th l rit'Iiaii.r\ site Iii

ketriv(I .. riiii~l,.o-m imelot .it at [lonll mf illI hraox to3iil. Thlis %titiol

e m ti-h¶ t..r mtiitl a jri tai k.i 1, u (*i. Xilu tfoft,7f c n urii uih i

I. .0 l' 'S Artm0 i lir , h .iu- 4'.l .I iii . wt ph rtfeire. g ita it iflt o'r lo'ofia 11 I lvie

I131irio L. hrw hi- .o--i~laiit C.. Owlt Ioiixi u.v, pdact~l ill olint'tt ttbnt.m4.l
* ll mdm fola . thei lii re-v.i r h ro'Imit-iiiii lot'ri'ii. %it fill g t If( iposiso' ce m 'I ral i~ter vion l s \ 55

I ht'. Iion-igmtI.I mOw-.oil i.'it 314. IGind 1.w I '..it" - lt('4t 1arg ettlli4 t aild u.ithi dvivisi' litig

oiffl F.kiiitiii mIt *a..ore4the' \.iiamntl 4 'ttoois ..- asflivil phsiloictts\'ol. mv

fPre'-t'oiio'o .11 fill-' ltimmi.u) Nt'icrilii -4 liii \1I S it IDN33"

: 'renm'.ii oldoro'-: \oi~lt~. Itr,' Nh. to'lt p1 pof 11"1(1141 mis 41ttt'iermt'ol hiv .i melthtKI

pi vots thwi4tlI



(1965). Tile offiw exception %itas t hat 550 NJ (Rk) polygraph. Tihe awiendinag
hors scrumit %it s riot addeId after (enitrif- atorta Ma Iik hi'ated biv surgerv, and a flow
Ligat Iion andi that tite toxin was lyopii- Ipro~ll, 7 to () min inl diarlivter. was posi-
ili/ed ;a fter filt rationn. The toxil %%;I s ti nued jan nediatctl% AK a iov he origin of
then stiiredi at -20) C . E~ach tialic of the 'ormiary arteries. The probeleakdis
tlmxar tia . reconist iltuted uith sterile were exterioriz~ed through the incision.
sailitic e f0ilhe de'sired1 (ont'tttrationl. The Vatlues~ %%ere obtinedtec before ch~allenage
chemicjal cltaraicteristics oft the toxiii are iand dia stolic how was used for (letermata-
cle-wril ied in atn acc'iompanying papier ing zero flow.

v~vighiuig 3.0) to 3.5 kg utier tased for this I'ht'.Viclogiral effeas 0/ the toxinf. -

experiment. Prior to hie inject ion of WVhen 11MHh rat units oif antthrax toxin

ti x~I ~ae1 itiia~i I a ates IL'ize wt i mere itijected 'into the vereiirtyspinal

Jicniirilirllital $seinitn (.3( mug pier km). fluid, thle monskeys expired at 6 to 11)
Tlit' toxini mAas iiijecicel direcu1\ into1file minutes, which coyitrasts with file 30
verelprospiIal tilnd Via file Cisleriu hours required tC) kill whean 1001410 rat
I e Iita 1i, in 1toa' scipiuda j untwion ). A~fter utnits wvere aditiin isiered jiltra..eraotash

?-LikIltiral p;lweaicmnt of the nteedl~e I fill of Ni ck et al. 1 90~).
verel mropiniial fltad utas remaovedI anid the The palt ernt of death could 1e divided
1.-5 ml of toixint copiti ininig I IXN) rat uinits into 3 distitwrt pl~lascSe thl ie I iass. (if
NI I., a njec a'le. diliatcAl iii servA Iii~ Min ait t ttuili med phIIS-

\urrerial andl venvots liliuxx pressures iologival reslxionses (figuirv ) Phase 1
it crv loiii ieiiI reti coniiinuiotisl itlwait tinn _%as charac teriz.ed clin ically Iby te anitii'
54 x ohilidvihilee tailping coiniaec ted ito a piaral sis ati tnd t I el ei vess.a u na of re,-
Si .11 Iam sl ra ii g a tge .1tt1d recorded oan pira iton. \ih tich fo lirinec iahe itiject ion

.11 a tarIitdu NI VI ~ sio graph . Ana arterial oflIox itt li a i a it enoh secon Is. M L rkecl
ica tlicter '..k as lICed intoi the left femtoral changes oetciarredl ph\ siiilogicalk x i I hill
,arter\, % t hie veitois Ibressutre ma~s re- I5 to 201 secoatds after injec'tion. Thle
c-orded fro tan .4 ii ntla i oser ld intt l4ife t atanic pd ra siii$ and14 eve re miusce Icoini
!-dicita iolls vieia ;at I iid advial-t'4 inato t het Irac taoai-; pr s ice I artif~ac t ia chan ges

jititer ifr vell. .cava. 4 ; nnammla anil tail iiiag sta iria 1114 sed onl ilhe respiraImory I r~av
lilut viA c the luest ata it1 a I atita rei 4 rdl iig I higiare I I. Tb us.1 thet respi ratoi r\ pat-
dlevic e ora i aneil hej anraii/iel tlt (10) ferans reco rded soi s .a fteir i ne ijer in ofi

iatims leer aml). Ilevan ralte, cecettroN~iriio- toxin metre dtia tow violenit adrl se.ire
gr~laa a I ~(' raid rcs; irat ieaa rate also MU iSA 401111'14nec4114 MIi anal" rc ' Ito trot'
%%tcrc- 1ol4,14'eel n i a at ir of nee-kdle- re'spinra to i 114leIItnIs.'ls . ifit rg
11i 'ilpl- cel iriM It'5 placed i l4 et w' s it- I'i rst 1 s scroi ics ida t nre I vvr iias pres-
int vni'ither side ( if the v lvvsi mtall. .ampiaAi stare atirce-awdi simtt fr o v mu ai. cowro nl ofl
tied. miad reinriled on tire- plin suingra~i. I to 2 mmit oif I Ig it te 11. aI~ixIIra Iitit f 20P Ic

Thett heart rate mit e re-corded so bahl .as 24 mitn oif I Ig. At ilit' samie time .irterial
heacrt ratl aiwrv;i~ed lit' mit iil of thev preissitre -rosefii 121)141 (1111411 II IN.
mricv ihiacre'awid ffigan'ý 1. .1. 4. atail 3) ii itlt m41114 deceai'se 'in pidwlire uri's-lit.
MA r vlivi vv'rs~a. ( a rili.ac o piuagiat IA ; a Simut atiaIvtatt't .ts , het licairi r.at it- di-

raeiaaenmorl 1i) -1 %low Ad~ Sfmlti.lit crt'teil fromat .ta ivi-ralgu of 1.11 le) l
H) l.11 'ctmaaaact innce pevr litinate. Iliminever. thit. \%.ia. (iitiieki

diti ulii truiial Iiliplit IA 1- iettuaimuim0 tollini id let' .t ri'ataim 14; miewii.dl At op-1
re,'iiririli'Ilt\ a ittaltiet hatmil 14.1111111ia1 pfl~timalaal'l IS %A'.41 s i'e k~l .1tle'r 11ai4-tl~i'm
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ANmIlKAX. TOXIN: PKI'm .ky SI., oF Ac, ION 107

4changus ill EKG were obaserved (il-
tt4I houh tvy ae not) aJppdren t il figure I

because of recording techniques). These '

changes appear (-(insistentt with itt~ -
cardial hypoxia (prolongation of the 0"
P.R interval, depression of the T wave,

and im'ersiton of the QRS segment). So
In the second phase front 180 to 360

developimd !hat was extrentely noticca-
ille clIinic'ally as well as p~hysiologically.

Thlis, fasciculation wvas refiected in the
central venous, and~ arterial bltood prel,-
sure traces (figure 1.). The arterial blood
pressure biegan to decrease, with some
skoming of the h~eart. rate. The EK(; re- to

nmained abniormtal as ill the first phase,
and somec feeble attemlpts at respirationt 0V

0 o to .20 Ito .111 2 40 31 10 mt
niere mtade. .jWO aOTsvaLO M Coamm

Phase 3. the Ierliniial phase front 3640
%lecitnt to death, was characterized
Vclncl~kl% l)%- a loss of mum-sce rigidity and 1716t 111 2. I1,Wl% r~uv ai the av.ir,i ,I~t ei444i

genteralized flaccidity. P'rolotngedl antd rh~ktttge ipf 101111 unit-. 4f .ithraox t..xiai.

p4rogressive lljitSfliy W itS Uett ii'

364) sec onds wthent the (imlittri pmrsulre pressiure droplied parallel to t hat it(l ith

reached le,.els ol around 25 mmtu Iig. The aorta iv) Thie right heart pressure
pulse 3)ressu~re mias markedly ilwrease(I showed a sharp rise, as shimiit b% the
anid central venouts, pressure retmainled rise itt ceniral ventous, pre-ssure Oigore 1).
ablove ttiorntal utitil death. Thv heart1 (oftroN. 1In otrder to differet ilt.

rate I raecme irregular atnd progressively' the actio ii 41) the tox in from antainspeci Iic
slmer, term~ina~tingt in complete .tr- reslxittses. sever~al contlrols mecre in-

rest. Ant increased anid inverted T -wv uhided. For volumtte and diluenl rollt-

u it vidvot fromt the EKG tracutgs trols,4 monke% s Nterc givent sui dural iti-
(fgutre 1 ) and apgtait ik Ivpicat (iof pzto- jecct ii 41 (4f sen IVt sat iv ii' iith itvol4ume s (4
uctrdial Diixa eath at 420 it) 64)1 1. 3 and1( 3 mil. lin addition. A mtl ofl icrc-
!A1i1tnuk1 folloi~ ed emttarra.i.~ed re-spirat- bro~piasiiIt tltid 'vterv ititected into a 41h
lii'lt thIa t lwaegtujl t A1itt %ecotids Mfier mon411key to4 %erc a, a volume, mco*n troli.

liitjctiin(1 .and coni 441nted Oh nitg hoti all ior i (in ilci 4tt o4k inactcIivated cio t44i

3 jihi-tS. Mel's p)repatreIt\i 2 different t hica, anid
A~ smrgicatlly impiantied aortiic Itia inujec ted ints severa tumonke%, ia I~ IMOt~l

jarrlie mid( a molimiirittg i41 thei right andu rat tlltils (if 141511 \%cre ret-wiiin~i~tdc'
Irtt heatrt b ihisl 3ares~tireS reVe4deiI 111V uith .infiscruithl (701)1vo,,trathi/tug unit
1, 4IluiianItg chngs lttttS Ia Wit itin I3 sec- jivr iml) itn plaice 1 titt O~w t oi I s.t alittv

"Olds(1 attr initeclio o(it tihe t44531 344114 the llibivemp. IThis hiselt-IItrlti

Ftie) 4T1 .-J 314.k1 fii iti. the ao r tie ilo u Ii '5jt didi it'i 1tkill 41 itecr r~ats till itt L'v
iolniapcte from 7S ~lo14 200) ml Iter miinutte Oll Tl'itui 4)4)1,11 ratt mw-itit .in .litiv \\a,-

1i1111 *tt ji'lt seiiIlt(I, the fhetm ma. re- I4IiiciI in1 a1 umt~r bath fo~r Mi) mittttc-. .t

co~rded' as 1)4 ilg nr 21. Oil1 The let t liejrt I rvme tlnt tha h& i~- are viois sic Ilrunl



10$ Ki~~tx ~It, WAt.KE'R, 11.111ANIDi AND LIM Inix

%homto (Vick et al, 196X) to inactivate tant to) note, however, that tile increase
the lethal act-ivity of the toxin although in arterial Idlcxd jpresstre w-as, such that
scrological activity remtains. the upper limits of thle recording gal-

No abnom altii phlysiological or cltinicatl vatloileter are execetcded. The lIKG hie-
resilon-ws w~ere noted with anyt% of the came abnormal and the hecart ritle
volumie or diluent controls. I -Imn injec- slower. The tracings for respiration
tion of the inactivated toxin (Iioth heat. show ahuormali ties that result from the
and ateriiiaiaed.the phvsio- tremiendous muscle spasins that iac-

logical and clinical p~iralmeters were, compllan tetanic paralysis and general
similar to those of thle regular toxin chal- muscle contraction. Clinlically, how-
lenge for the first 2 phases. except that ever, the respiration continuedc at regti-
respirat ion con t inued ver\ errattiCidl V lar intervals lievause the animal's were
Itigure 3). Ilowever, after 6 to 8 minutes oil the po~sitive pressure resp~irator. Note
respiration retuinrted to tnormtal and, al- that adequate ventilation was p)rovidled
though more regular, it was somewhat to thle atnimals at all times. (it thle ex-
slower and~ deeper. 'The heart rate and panded tracings iii figure 4 (M 1 to 192
E~KG also returned toward normal ait seconds) irregularities inl heart rate and
tile sam11e time, as evidenced Ivy the am- E.Gare apparetit. Trhese changes, me re
plitudc of thle heart rate recording. Thel for the miost part clue to the A-V dss
conti ntuationi of ant inverted T wave int- sx'iation and tindotiltedfly again to
dicated that nivocardlial hypoxia still tit\ x'ardial hliv oxia. 'rlie il~lool tpremutrc
existed. I pon rec-overy from anesthesia remained high and did not fall at arotutd
the animals appeared clinically normal 1)"0 %ecoinds. as during phase 2 withoutt
and all 4 survived (2 w\ith antiseruim-in- mainotenance of respiratiobn, as x vi
act ivate'd toxin and 21 xiith hecat-mnacti- ously ntoted itt figure 1. At IllI nuiitutes-
vated toxinl), thle animals were taken off thle respira-

tor andI were able to mtaintaint their own
T'reatment resp~iration, ats evidenced loy the tracings

I1 rh -ocal t'rnliln fon. Froim the datta inl figtire 4 antd Is% visual observ.ation.
presenitted here and frum coniclusions Ilcixxt presure and heart rate had re-
dlram' it fromt accotiup~amt ing paplers (Nick turned to normal. Thc E~KG still
et al1. 196S; Klein et al, P196) it appearedi showed s-onic cftvicts of intvmardial it\--
that . if respi ration tt il ld Ise nmai itai ited jxioxia bu't t ias grva tl\ imitpro vedl over
or the smiasit.t .iicsrle contractions over- that olyservced at 1s )l secoinds. A~ll i
co lite (t s tnteiti1plitied 1, iv asixwonstric- aniimals rec-overed withIouit ani alpparentt

i~on ). I 1141 thle le thal~ I *ttIfts o~f tilie ti x ii ill effects.
4'"Iiuld lie prevenited. Treal minta will? i.%Oprokerefjw. Tlthc

To ltest thle elI'cit of itilaitiniiing res- secontc approach Its overcome tile let hal
pirmt iou, sknittlal iicrv placed 4iii a effects of toxin was thle tist- of it he(t~c
ls)%itixc-prvsscurt res-pirator pritor to ad- adrenergic stinuitilan, iu.-isioproterettol
mntiistrationt (if timin via the ircl iro- hydrotlr'iloride I si'sprcl, W~iinthrop L~ab-

spinta~l tluid atid \\cre iminlamntmel inl this oratories. New York, Ny vm Yrk)I.
manner ifor Il0 mitnttes after iinjcction. Figure i shows the tracing obltainied
Figure 4 .hm.%%i a rjremtsltctioii o~f trac- front a montkcv given lIK) rat units tif
ittgs before atid after challenge thait are toxin via the vereliriispittal 1tiud amid
t~ jical of tw Se 5ll. .iii~Isested. Again. t hent tremuedI uuith isoltroterenol. Tlhe
Ait hin m-r14itd,~ a11t ur t 5itm.hin 01-110g9 thle Clilit- i Maid mud41. I t soo i-ldiei u r

lmlesml pressure iuw-rvio-ec. It is inipelr. similar. if not idetitical. to those Alom~il
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R)el l~ I MN)l Irea rt KLIA.i VVdeec ti.t WA aiR MAI.xD ANJ Li: oil ~~ W ~c
i]l.e Ztert- I~ i 111at llld t-~.i~. ad inis~trtion lo conta th e mit prll e sti r iitilil tlk-ill I Irip

t rct,.et-w IIe rvi A t 4n21) mIci ds it henej ir. i4 in orivad ii~mll h r~tI e ti fitm h m ii aht

%%lk'l l.e ilt'a~ 14414141 presue in h. i ;rac hed~il Iloriia itd )iv dtis 11.i it E G tl. li ctloilt-c

,vrtg 11, 1 r r esi ra ie I i .e .. Iia ulled (fg re s fort llt-c ils .f iltv \%.I. i C iija iii iii Ia III

I it-refile i\ as sllj I 1\ ad r ll iil trejil r il 1(111 . \%e~ eich fIlloi\ S t lilt I% I lolia noivideN

pA*ISre tltsw e t m i-ratt lil t i hat at rinappmxiti W hlt.l re is (til 11,elI 1m~ ItItv ft. ill, art11
mten I 540 welii s itra \%.i s. Ilov uormaiii lg rave. 1( irifut (e th lclcoitnt~ l Itr~m s\t i-
.111ire ( vit-t i'das degrtis prels4sur had tilem si se coniitls Iaivsl~ win.
t~irlait- t~ital ll racedli Herefet ratlce il- dirculltvariowast't-ft iar lie-1 tevidt-1111

sx~i ua r.111 rat a e li re lit tatlotev rIiii630 t 'et i I m ilr4 t indicsi s lhatl Is 111it i. . i.d

imtcusliidu m ti t iettlipnipi ureim trte 1: 1(m ink F'o oti r kr g iti s C~i de g l t hata re. -it

priisuit tit il% prvesI tilssitlti II;m l I i Ieio s o ;ir iritl\im %%I a i I aist' fie liiisvriti~i "lk i

fediii-tila rsi ratlit ) h tr unme jit i (Iti .. l rt- ) 14 C(.1 Ilrtski .m d(iret 'I, ' 11646liw1 o \14ftpi .l
'Itlllilfte,.1 I)isii ~ctiterec ~tem l il tres idetio-i %%eirva c an e it~le l it llt- ru llc'rci' .1,111--

tee litrll .Iii/t' t rl-it'ii slv . These chm~;ingati rai er, c~tsand F itoollra cdr fimiv~ .11) 41 40
iare etiamto.- aleit d egit-t itire e ill c l ilanat- Leick d latl I eri.iiil, 1. ilII~

ja..c il udettt(n t racei slr i d e fetit.cvL%( Ttli Illra l att, i tie Ii li~t~ lIislt lpig toc ll till.

v. 111111 ra'* 1ait ill aevere saeiter -ili \\ ti'tit decears,,elftd 'tt~l '. 1110.1111 hcit-iiia



plitiIIiit A.,iitt ig lit- rtvl3rttirawr cut itsr t herdjxieti and114 sujpioMrt ive treatmtinen Or
lia, Ilieii Macst ivtteel or flit- cfehoiiiH it*II ba.~cteriatl diseasecs ha~s fit%% tlskeoi (tii ;I
tIi.i 1 tctllm.. flit- si'II r-al litervsI11 M S tesll Iuwm .sll exciting asIocl~'.

uIt'cft'.l ai'lih etioliighlIillitNI fill%% to jPrs' Admiaiiist r~ation of atil lrdaq to'iili viai
s*itriital .imoi.l. fit-h e treloroslhinalI flid rit'ionstragter.

Sii:vival (44oluli~tg file II.t ii4 i,'o pri o o. i ive y that flit- temin aihters fit-

,I'ir t mjbiiia~~sii~ r' ~l~'ic centmral netrvous svstelu ;tit(l kills lbv
%%loilild . im m~ m i-niiiertiedl 11\ ofi lieitii tertuinad anoxiai iviweiaite lIf% flit- cenatral
uniiim.h flit, lungs. for Itoiflit- kiioui illa'- Iit'rvemii- 'ltn.Teus f i ive-

I if~i , 41 .~ inElf iteretital oim flit- myo* pressure respitrator auid isoproterenol
sArcliiiii. uh iii'l is ;tii iiisrs'asl Cardr~iac pre%'entle death ill animtals thast hatd re-
milivt l It~ie .114 i td lcbr. 1461 1. ~ili her t'itl t al (loses. of toxtin. Trhis demion-
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